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MAbstract

The secondary task methondolegy was used to measure the
resource demands nof controlled and automatic detectisn. Subjects
were reguired to perform & secondary task of locating & flickering
light together with a primery task of visual letter detectinn.,
Cecondary task performance was lower when combined with the search
task than in corresgnnding single channel control conditinns., In
additinn, this decrement was approximately the same for both
controlled end automatic detection, Similarly, both contrnlled and
automatic detection letencies were increased in the presence nof the
secondary task and by the same amount. Cnntrolled and automatic
detectinn evidently share common resnurce demanding components.
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This paper is concerned with the qguestinn of whether highly
practiced and presumably automatic tasks can be performed in
conjunction with other tesks without mutual interference. We will
show that, at least for the case of automatic detectinn of letters,
"automatic" processes may both provide and be subject to
interference with other tasks.

Automaticity in visual search

Visual search is a task for which the concepts of resources
and autometicity are well defined. A variety of experiments
initiated by Eriksen and Spencer (1969) and continued hy Shiffrin
and colleagues (Shiffrin and Gardner, 1¢72; Shiffrin and Cranthem,
1¢74) indicate that the major limitation in performing simultaneous
tasks is competition for "post- perceptual" decision, rehearsal,
and response executinn processes in short-term memory. In the cese
nf visual search for & target letter in a display of letters, speed
nf search is limited by the rete at which subjects can compare
encoded representatinns of the display letters to the target set in
short-term memory. Schneider and chiffrin (1677) showed that
extensive practice in looking for the same set of characters
(consistent mepping training) can result in search becoming
"eutomatic." In automatic search, presentation of a target letter
produces an autonatic ettention response in which the subject's
attention is automaticelly drawn to the spatial position of the
target. Depending on the task, an entire chain of processes may be
initiated resulting finally in the proaductinn of an overt response.
This sequence dnes not reqguire active attention on the part of
subjects for successful completion and indeed epparently cannot be
inhibited.

This characterization of automatic detection suggests that its
demands on short-term memnry are minimal and therefore should
provide little interference with other concurrent activities.
Actually some interference can be expected due to the "automatic
attentinn® response, For example, Schneider and Shiffrin (1977)
showed that consistently mapped targets nccurring in to-be-ignored
display positinns tended to disrupt the slow "controlled search"
for nther targets.,

A snmevwhat different characterizatinon of automatic search was
provided by Hnffmen (1¢78, 1979) in terms of a two-stage model of
visual search. 1In the first stage, all nf the display letters are
encnded in a parallel, unlimited capacity system. This stage
produces, in additinn tn encoded representations of the display
letters, a rnough index of the likelihood that each display letter
is a member of the memnry set. This index is used bnth ton
determine the order in which displey letters are transferred tn
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short-term memnry for the serial comparison operation as well as
providing a basis for making fast decisions. Consistent mepping
training results in all of the decisinons being based on the output
of the initial, parallel stage.

This position differs from Schneider and Shiffrin's
characterization of autematic search in two ways. First, it leaves
open the possibility that the reading of information provided by
the initial parallel stage is not automatic and mey provide & basis
nf task interference for both controlled and automstic search.
Second, it suggests that spatial zllocatinn of attention deoes not
nccur in automatic detection.

A dual tesk experiment

The guestinn of whether automatic search utilizes resources
might be answered through use of the secondary task methndology.
In this case, the subject wnuld be instructed to perform the
primary task of visual search in conjunction with 2 secondary task.
Performance on the secondary task presumebly reflects the total
resnurces that are not bcing used by the primary task.

Figure 1 shows the particuler secnndary task employed in this
experiment. In single task conditions, the

Insert Figure 1 Abnut Here

subject indicetes whether or not a member nf a predefined memory
set is present in a visual display of letters. The subject's
reaction time (RT) is the variable nf interest. Letters are either
consistently mapped (CM) or varied mepped (VM) which leads to
automatic and contrnlled search respectively (Schneider and
shiffrin, 1977). Search is presumably automatic when RT is
independent of memnry set size and display size.

The nther task (flicker loncatinn) requires the subject to
indicate which nf € pnints of light arranged around the inner
perimeter of the letter display is briefly extinguished at the
noment the letter display is presented. 1In dual task conditions
this response is made after the letter detectinn response.
Lacatinn accuracy is the variable of interest. This particular
task was employed for several reasons. It agppeared to be a
relatively simple perceptual discrimination which would impose
minimal demands on short-term memory capacity. It was also




Page 3a

Ll s e s e et 3

_ Q,Q |
* # N R . 3
U’\U . *, . o R. +. D t..,r..b
- AR B RN
I L F B m #0 L

b

Figure 1: Sequence of events on each trial of the experiment. In dual channel conditionms,
subjects were required to indicate whether a member of the previously presented
memory set (PVDH) was present in a circular display of letters. In addition, !
the subject was required to locate which of 8 points of light was briefly extinguished. !
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sufficiently dissimilar to the letter search task to be an unlikely

source nf "structural interference" (Kahneman, 1973). Finally it

nffered the possibility of providing an objective measure of the

role of spatial attentien in visual search., For example, if the “
letter target draws attentinon we might see superior detectinn of ]
the flicker information when it is in clonse spatial proximity to ]
the target letter. Similarly, if attention is allocated to the

flicker positinn we shonuld see fast detections of target letters

adjacent to the flicker.

D .

In summary, the resnurce demands of controlled and automatic
search are tn be measured in terms of performance nf a secondary
task of flicker detectinn., The role of spatial attention in these
twn search modes is to be measured in terms of dual task
interactions when the flicker and target letter are in proximate
spatial positions.

Method

e —————

Subjects. Subjects were 14 males and 14 females with normal
or corrected to normal vision,

Ppparatus and Stimuli. Presentation of visual displays and
timing was provided by a PLATC V terminal which has a plasma ranel
screen. Timing was provided by the terminals microprocessor and
had _a perind of approximately 7 msec. Letters and masks were .3 X
.23%f visual angle in height and width respectively and were
defined on a2 9 x 7 édnt matrix. Letters appeared in a circular
displey with a diameter of 4.5%°0f visual engle. The dot used for
the flicker task subtended .07°0f visual angle. Subjects responded
by, pressing keys on a typewriter style keyboard.

Procedure. Each subject served in 10 sessions, each

{ consisting of ¢ blocks of trials. Each pair of sessions

: represented a complete replication of the experiment: 2 memnry set
: sizes (1 or 4) x 2 cdisplay set sizes (2 or €) x 2 rapping

: conditinns (consistent nr varied mapping) x sinale/dual channel.

! In additinn, each sessinn contained a single block devoted to
terformance nf the flicker task alone. .

Lach blonck nf trials consisted of 48 trials, half of them
co)ntaining & target letter (2 member of the memory set) and half
cnntaining nnly distractnrs., On each trial, the

5 »
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subject was presented with a memory set which remained on view
until the subject initiated the trial sequence,

A fixation cross eppeared in the center of the screen followed
by a sequence of 3 arrays. A typical sequence is shown in Figure
l. A set of 8 premesks appeared for 250 msec. Next the premasks
were replaced by the letter array with blank pnsitions containing a
$ symbnl., This display remained on until the suhject responded.
Simultaneously with the onset nf the letter array, nne of the §
light points was extinguished for 28 msec. and then illuminated
again. In search only blocks, this flicker was tn be ignored. 1In
dual task conditinns, the subject was to report wvhich of the &
light points had flickered. This report was made after the subject
made his/her search task decisinn. At the end of each trial the
subject received feedback concerning the accuracy of response on
each task and the latency of the search task respnnse,

\

The subject initiated each trial with his/her left hand and
responded yes/nno as to the presence or absence of a memory set
letter in the display by pressing nne of twn keys with the right
hand. In flicker only blocks, the subject was still recuired to
execute a motor response with the right hand but this response was
unrelated to the stimulus., In these blocks the entire disglay
consisted of the symbol "S",

In consistent mapping (CM), the memnry set letters were always
taken from the set G, C, 0, S and distractors from the set L, T, X,
M. In varied mapping (VM), memory sct elements were taken either
from the set R, E, N, F or P, vV, D, H with the distractors chnsen
from the elternate set. Each VM set was used equally often as
target or distractor sets in each blnck in a randeom order.

The assignment nf letters to pnsitions in the display was
reandom. After assignment of a target letter to & disgplay position,
nn target-present trials the flicker lncatinn was deternined
according to the following schedule. There were 5 flicker-target
"distances". A distance of 0 corresponds to the flicker occurring
adjacent to the target wvhile a distance nf one corresponds to the
flicker being one pnsition remnved from the target letter (either
clnckwise or counterclnckwise) and so on. Each of these 5
Cistances nccurred equally often in each conditinn. Nntice that
this prncedurec intronduces a small statisticel dependency between
the loncatinns nf the flicker and target letter.
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The nrder of blocks within a sessinn was random within the
constraint that each block accur in each presentation position
equally onften. 1In addition, each subject received the identical
order of the blocks across sessions,

Subjects were instructed tn treet the letter search task as
primary and the flicker task as secondary.

kKesults

Flicker Locatinn Accuracy. Recall that performance »nn the
secondary task of flicker location was presumed to reflect the
resource denands of controlled and automatic search tasks. Figure
2 shows percent correct flicker locatinn a2s a function of memory
set size and cdispley set size for both CM and VM search,

Insert Figure 2 About Here

These data make it cuite clear that both kinds »f search compete
for & resonurce recuired in localizing the flicker. 1In additinn,
the difficulty of the search task, as indexed by the product of
menory set size and display set size, influenced flicker lacatinn
rerformence. The highest lnad (remory set = 4, display set = 8)
ceused a smell drop in perfoarmance reletive to the other load
conditions, Surprisingly, this effect of 1lnsd is present even for
Cv search which actually produces slightly more interference than
VM search. Civen that secondery task performance is a measure of
the resources utilized by the search task, we conclucde trkat both
automatic and contrnlled search require use nf some limited
resource and ton approximately the same extent. This resource
competition is more severe when the number of compariseons recuired
for the search tesk is increased. This load effect nccurs anly for
very high loads and is smell compared to the overall decrement that
results from simply combining the two tasks.

A rcpeated measure énalysis of variance of these deta revealed
a significant effect of connsistent vs. vearied mapping
(F(1,24)=5.%, p<.05) as well as the interaction of menory set size
and display set size (F(1,24)=8.6) .

Search Reactinn Time. The average correct reaction time for

the search task as & functinon of processing loed, veried vs,
consistent mepping, single vs., dual channel, and response type
(ppsitive or target present vs, negative or target absent) is
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shown in Figure 3. Consider first the single channel performance

represented by the snlid lines. The lngarithmic scale used for
processing lnad disquises the linear relatinn between KT and
processing loag for VM search. The slope for positive deata wes
27,2 msec. (r¢=.¢6) and of thet the negetive date 47.0 msec.
(ré=,98)., 1In contrast, KT for CM search was relatively independent
nf load for both positive and ncgetive responses,

An additionel finding, not apparent in this figure, concerns
the load={ condition., KTs here can be separated into twn types:
M=1, D=8, and M=4, D=2, Dlespite the fact that these twn conditions
have similer processing lonads, in terms of the product of menory
set size and display set size, they produce quite different
performance. The M=4, =2 conditinn was ¢& msec. slower than the
M=1, =8 conditinn for VM search. This held true even for the C¥
condition which showed an effect onf 123 msec., Except for the
letter finding concerning CM search, these results replicate the
findings »f Schneider and Shiffrin (1¢77).

The slower search KT in the M=4, [=2 cnnditinn relative to the
F=1, D=8 conditinn for CM search is probably due to confusability
effets., In the D=2 conditinn, six of the displey positions
contained the symkol "$" which was physically similer to one of the
Crv menory set items (S). With a memory set of 4 there was greater
confusability between the memory set and display cheracters. It
should be noted that this effect was prescnt even for the least
sessinn pair and was still sizable (80 msec).

This effect, if it can be replicated in other types of CM
search, is of potential importance in understanding the naturc of
eutomatic detectinn. Fnr example, suppnse that autnometicity was
nbtained by "unitizing" the individual memnry set elements inte =z
higher order structure. If the subject based his/her cdecision on
the activity in this structure for all memnry set sizes, then
search kT would be independent of memory set size., This mndel
would predict that M=1, D=2 and M=4, D=2 conditions would produce
ecuivalent search latencies which they do not (481 vs., 562 msec.
for the laest sessinn pair). +This suggests that in CM search the
subject is not using the same memory set informetion independent of
nennry set size. Cmaller memory sets allow the subject to reduce
cnonfusability between memory set items and display items that is
present for lerger sets,
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Dual Task reaction times: Figure 3 shows that the search RT
was increased when subjects had to perform the flicker loncetinn
task in addition to the letter search task. This effect is largely
additive with respect to the mapping, load, and response type nf
the search task suggesting that the addition of a secondary task
added a constant time to the search proncess. There is however, a
small but significent interactinn between search load and single
vs. dual taesk cnnditinns. For example, in VM search the RT
difference between lnad=1 and load=32 is 1160 msec. for the single
8 channel condition and 1241 msec. f{or dual channel conditions. The
& corresponding velues for CM search are 30 and 100 msec.

EROERAVEY T

2 A repeated measures analysis of variance on thece deta

! revealed that the effect of single vs. dual channel was

5 significant (F(1,24)=37.¢, p<.0l) and did not interact with whether
3 search was CM or VM (F(1,24)<1). Single vs. dual channel did

4 interact with processing leozd (F(1,24)=16.%, p<.Cl) end to é&bout
the same extent for CM and VM search (F(1,24)=3.0, p>.05).

Practice effects., Figure 4 shows how dual task perfnrmance
changed with training. The top twn panels show how the slope of
the

Insert Figure 4 About here

KT vs. 1lonad function (averaged acronss positive and negative
responses) veried across sessions. Notice that CM search latency
was almost immediately independent of load effects due to the law
confusability between memnory set and distractnr items. Adding the
secondary task initially induced & lnad effect but in the remaining
sessinnrs Cv search remained relatively free of lnad effects.

VM search shows a remerkably stable slope acrnss sessinns
confirming the results of Kristnffersnn (1972). Occasinn&l smell ;
increases in slope can be observed in the dual task conditions 3
relative to the single task condition,

The middle panel confirms the inferences drawn from Figure 3.
The principle effect of adding the flicker locatinn task is teo add
& cnnstent tn seerch RT reflected by an increase in the intercept
| nf the LT vs. 1lnad functinn. This constant effect shows little :
sign nf diminishing nver sessinns for either VM or CM search, ‘




D T ———

B B e ol

Page 8a

W st im

CONSISTENT MAPPING

VARIED MAPPING

so}- L
a0} L
- Iil?
W 39 O SINGLE N
3 @ DUAL
g 2o -
Q
-4
* 0} L
OH ?l" 'I?"“T"o L
7 <
L L 1 L 1 i [ i 1 1

I
w
n
m -
a %
w - ~
“ “~ O
w - SR It~
% soof- O----0 } T~s
2 SO == = =0
[s] -
W 1 ) 2 1 1 7 . i 1 N N
60 . -
- X - — x e
X -
sof CONTROL - =%
- - o -
““ / - -~
« W - -
&0 OF x - X
g
Za 30p L
ue
s ‘
w -l'- 203 -
o} A LOW LOAD -
B HIGH LOAD
A 'l A 3 1 f A i ' A
] 2 3 r 3 1 2 3 4 s
SESSION PAIRS
Figure 4: The effects of practice on search task slope intercept, and flicker location

accuracy.

AT v RO A AR IS R

Vo M e -




Fage 9

The bottom panel shows flicker lncation accuracy as a function
nf loed over sessionns. High lnad refers teo the M=4, C=8 conditinn
while low lnad is the average of performance on the remaining three
lnad conditinns. Cnce again it can be seen that secondary task
performance reflected the lnad impnsed in the search task. This
load effect remained relatively constant over sessions for both CM
and VM search. The exceptinn is the last session pair in the Cw
conditinn in which the load effects are eliminated. This is
surprising in view of the lack of load effects exhibited in terms
nf RT on the (M search task. Iowever, the slope measure dnes
nbscure small lnad effects. Table 1 shows k1 as a functinn nof lnad
for the least two

Insert Table 1 About here

session pairs in the CM condition. Notice that in the single
channel conditionn there is & large decreese in the ET's in the V=4,
D=8 conditinn e&s subjects move from session pair 4 to 5. This
decrease in primary task load effects is faithfully reflected in
the abolishment of the load effects on secondary task performance.
Notice hnwever that a large overcll effect of dual channel
conditinn remeins in the CM RT's as well as the flicker locstion
accuracy.

Spatial Adjacency effects. Table 2 shows the way in which
correct search FT depended on distance from the flicker lncation
for C» and VM sesrch. For VM search. targets

were detected abnut 100 msec. faster when they nccurred ajecent to
the flicker (distance=0) relative to nther positions. fThe time to
detect the CM target was independent of distance from the flicker.
This distance x mapping interactinn was significant (F(4,108)=3.0,
p<.0S%).

A similar pattern appears tn hold for search accuracy. Table
3 shows the probability of a "hit" given that the

P
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flicker locetinn was correct, For VM search, subjects were
significantly nore likely to detect the target when it appeared
edjecent to the flicker (F(4,108)=3.5%, p<.CE8). For Cm search,
there is & suggestinn of such an effect but it was not significent
(F(4,108)=1.¢S, p>.0%).

Table 4 shisws that distance between the flicker and target

Insert Table 4 Abnout liere

letter did influence flicker locatinon accuracy. Flicker locztion
was more accurete when adjacent tn the target letter for
VM(E(4,108)=1C.1, 1<.01) eénd Cwv ([(4,104)=6.7, p<.0l1) search.
Unfortunately this effect is alnost surely due to 2 bias to guess
the target letter locatinon as the flicker locetion. This conuld be
evaluated directly by examining the distribution of lncation
responses on trials when the subject was incorrect. Unfortunately
these data were nnt retained., However two findings suggest a
guessing interpretation. ‘The effect of locetinn did not interect
with load for VM search (F(4,108)<1) even thnugh the average RT for
the m=4, D=§ target- present conditinn was 1576 msec. This would
be ton late tn affect the processing of the flicker information.
Second, in subsequent work we have eliminated guessing effects and
have not nbserved any effect nf target letter-flicker distance on
flicker accuracy.

A two state attention model. It would be useful to review the
major effects nf time-sharing visual search with a secondary task
nf flicker locatinn. 2As a first approximation, the effect of
adding the flicker task to the search task is ton add & constant to
both CM and VM search time., Similerly, the flicker task accuracy
is reduced by a constant when combined with either CM or VM seerch.
These effects can be accomndated by a simple two-state attention
switching model. We assume that an each trial in dual channel
conditinns, with some probebility p the subject ignores the flicker
task and performs the search task with speed t. With probability
1-p, the subject performs the flicker task attaining the accuracy
obtained in the flicker-only condition (c). Search is delayed by
tine At. This leads to the fnllowing expressinns:

(1) F=pg+(-p)c

(2) ot=(1-p)t

TR I L AN S22 b ot 0
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where I is the observed flicker performance, g is the flicker
guessing rete (.125) and tf is the time reqguired tn perfnrm the
flicker discrimination,

Enlving expressinn 1 for p yields a value of .54,
Substituting this value in expression 2 yields an estimate of
tf=398 rsec.,

This model although attractive in giving a simple account of
the major features of the data faces two difficulties, First, the
model suggests that subjects attempted the flicker task on 5G% of
the trials which seems high in light of the instructions to treat
it as secondery. Second, this model suggests that fast RT's should
be assonciated with low flicker accuracy. Tn evsluate this
predictinn we took the entire distributinn of correct CM reactinn
times in dual task conditinns for the last 2 session pairs and rank
nrdered them. This distributinn was divided into quarters and the
assnciated flicker accuracy computed for each intervel. These data
are shown in 7Table 5,

Insert Table 5 About Here

It is clear that there is nn relatinon between speed of search and
flicker accuracy which is directly contrary to the predictinns of
the mndel.

Although the twn state switching model seems tn be an unlikely
explanation for nur time-sharing data we might still retain sone of
its aspects. Many subjects commented that they first discriminated
the flicker information and then began the letter task. The
accuracy nof the flicker informetinn that is obtained and elsn the
amount of delay impnsed on the searcl task may be determined by the
time the subject samples the flicker channel based on instructions
regerding the relative emphases pleced nn the twn tesks., This
apprnech will be connsidered in the discussionn.

Pisucssionn

The purpose nf the present experiment was ton exemine the
resnurce demands of contrnlled and automatic search by pairing them
with a secondary task of flicker lncatinn., There are three mein
findings which speak to the nature of resnurces used in these twn
search mndes,

b i
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First, we found that there was mutual interference between
flicker lncatinn accuracy and either controlled or automatic
search. Flicker lacatinn accuracy was lower when combined with
both search tasks relative to when it was the subjects only task,
Similarly, search latency was increased relative to single task
performance when combined with flicker lncation. This increase was
approximately the same fnr both search modes and was virtually
independent of search lnad.

Cur second finding concerns the effects nf confusability
between memory set items and distréactors in automatic search. We
found that when the display contained distractors ($'s) which were
highly similar to nne of the letters in the CM memory set (S), RT
was incressed relative to & display contzining non-confusable
distractors. This effect of distractor confusability was greatly
reduced when the subjects used sméller memory sets indicating that
they had some control over the informatinn used in the search
decision.

Our third finding is that VM search accuracy and speed was
improved when the target nccurred near the location of the flicker,
Cm search latency and eccuracy were relatively unaffected by the
spatial proximity of flicker and target letter. These results
suggest that spatial attentinon can improve performance in
contrnlled processing but not autematic processing.

These results can be understond within a framework that offers
a specific mechanism for producing load and confusability effects
in recognition memonry procedures similer tn the search task
utilized here. Ratcliff (1¢78) has recently intreoduced such a
framewnrk in the form nf a resonance metaphor. Each of the
clements in the memory set con be represented hy a tuning fork.
Fresentation of a probe prnduces activity in each element in
parallel, The deqgree of activity is @ function of the similarity
nr relatedness between the probe and memory set element. The
decisinn strategy is tn say "yes" if activity in any tuning fork
exceeds sone positive criterion and respond "no" when activity in
all forks reaches some negative criterion.

This mndel is embndied in a random walk process. The probe
can be viewed as set of features. Each matching feature drives the
rendom walk process toward a pnsitive "absorbing barrier®™ while
mismatching features drive the process toward & negative barrier.
It is convenient tn view the accum2léatinn of these features as a
serial process nccurring over time. Thus if subjects can control
the number of features tn be sampled (or sampling time), they can
improve their accuracy by extending the sampling time. This latter
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feature &llows the model tn account for speed-accuracy trade-off
effects in reaction time.

Memory set size effects arise in this model because, on
negative trials, KT is determined by the slowvest comparison
process. This value increzses with increases in the nunber of
conparisons, Cn positive trisls, the match (or relatedness)
Letween the preobe and its corresponding memory set element declines
with increasing rennry set size. No specific mechanism is advanced
for this latter effect; it might be that relatecness is partially
determined by a serial rehersal of memory set informatinon. 7This
nodel has not yet been extended to the domain of visual search in
which more than a single probe is presented. However it can be
seen that at least qualitatively the mndel would predict an
interactinon between memory set size and displey size. Increases in
display size increese the number »f potential features matching
thnse in the memory set producing longer comparison times.

In this context, automatic search may nccur when, through the
frocess of training, the relatedness between memnry set elerients
and distractors becomes very small. In such cases, increases in
set size have virtually no effect on reactinn time (Ratcliff,
1¢7¢8).

Let us now consider how this mndel nffers a perspective on the
three findings outlined earlier,.

Task interference occurs because the subject caen only perform
nne discrimination et a time, In the present exyperiment, it is
likely that subjects first performed the flicker task and then the
letter search task. The infarmatinn recuired frr performance of
the flicker task (onset and offset nof light) is of the "transient"
variety and is conducted along visual pathways faster than the
"sustained" form information reaguired for performance of the search
task (Enroth-Cugell and Robson, 1%66). We assume that the subject
uses "time-contrnlled processing” to sample information for the
flicker discrimination, That is, informatinn is sampled for some
criterial time and a decision is based on that accumulated
information. This sampling time shows up in the search KT as a
constant increment for both contrnlled and autematic processing.
when flicker locatinn is the only task tn be performed the sampling
time can be extended producing increases in accuracy. Thus the
model predicts the pattern of task interference that was obtained.

Biuiife st




|
i

Page 14

This mondel alsn accounts in a straightforward way for the
confusability effects found in CM search. Even through the filler
character ($) received consistent mapping throughout the
experiment, its high degree of similarity to the letter “&*
prnduced long comparison times even at the end of training. When
subjects used smaller memory sets, these long comparisons were
excluded procducing fast responses,

The nbserved spatial adjecency effects in VM search suggest
that attentinon tn the spatial position of the target can speed
target detectinn, This is consistent with other experiments
showing that targets are detected faster when attentinn is
explicitly directed to their vaecinity (Eriksen and hoffman, 1972;
Logan, 1¢78). An attentional mechanism may be added to the random
walk model by assuming that attention to & pnsition biases the
order in which features enter the randeom walk discrimination
[roncess. In VM search, this bias pronduces faster and more accurate
hits. 1In CM search, where few features are reqguired to clessify a
letter as being positive or negative, this bias will be much less
effective.

Cur results show that the interference between the search and
flicker tasks is largely additive with respect tn all aspects of
the search process (lonad, mapping, and response type). Hnwever
small but significent effects of 1lnad could be seen superimposed on
the nain effect nof task combinatinn. Similar effects can be
nbserved in Lnaan (197¢,1¢7¢). Isreal, Chesney, Wickens and
Donchin (1¢980) recently exemined the magnitude of the F200
compnnent onf the human evoked potential es en index nf attention,
They found that the P300 elicited by tones to be counted was
reduced in the fresence nf a concurrent tracking task but was
relatively unaffected by the difficulty of the tracking task.
There arpeared to be a small effect of tracking cifficulty on P3CO
amplitude hut it was not significant.

Several different sets of results then agree in showing that
tasks with apparently qguite desparate resource recuirements nay
interfere with each other. This pattern of interferences is
lergely additive with respect ton the difficulty of the tasks. Wwe
interpret this additivity in terms of 2 "discrimination process"
which cean handle one task at a time, What then is the source of
the interactions that have been observed? The interactinn suggests
snme sharing of resources between tasks. Certainly one source of
sharing in visual seearch tasks is a rehearsal process. Subjects
engage in rehearsal of the memory set letters before and during the
trial., These rehearsals effect the speed nof the recngnition
prncess such that presentation of a probe in close temporal
proximity to its corresponding rehearsal results in fast
recognition decisinns (Seamnn, 1¢76; Seamon and Wright, 1976)., It
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seems likely that the encnding of the flicker position caused an
interruption of the rehearsal precess. This loss of "prining” from
the rehearsal process may be the reason for the small increases in
the slope of the KT vs. 1nad function nbserved in dual task
conditions,

A similar explenation may underlie the small lnad effects seen
in flicker accuracy. The rehearsal process required for the
largest load conditinns may have competed with the encnding of the
flicker loceation accuracy. The elimination of load effects nan
flicker locatinn seen in the last session pair fnr CM search mey
reflect the withdrawal of the rehearsal prncess with the
develorment of automaticity.

Thus, the major way in which tasks compete may be through a
process of "attention switching® in which a discrimination process
can operate nn but one task at a time. Inwever, a smell component
nf interference is due tn "attention sharing" in which processes
utilized by twn tasks may nverlap in time. These conclusions are
similar to those reached by Sperling and Melchner (1978). They
cnoncluded that for the cese of twun concurrent visual search tasks
both switching and sharing were utilized.

Conclusinn. A secondary taesk experiment showed that both
contrnlled and sutomatic search require a common mechanism. The
pettern of interference between the search tasks anc e secondary
task of flicker lncatinn suggested that both search modes require
the use of a discriminatinon mechanism which can operate on one task
at a time.
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University of Massachusetts
Amherst, MA 01003

Dr. Kikumi Tatsuoka

Computer Based Education Research
Laboratory

252 Engineering Research Laboratory

University of Illinois

Urbana, IL 61801

Dr. Charles J. Theisen, Jr.
(Cdr. USN Retired)

Laurel Ridge

R.D, #2 Box 143-8A

New Hope, PA 18938

Dr. David Thissen
Department of Psychology
University of Kansas
Lawrence, KS 66044

Dr. John Thomas

IBM Thomas J. Watson Research Center
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